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ABSTRACT 32 
Background 33 
Patients admitted for suspicion of shunt dysfunction (SD) often show unspecific symptoms 34 
and require time consuming, expensive, and even invasive diagnostics involving significant 35 
radiation exposure. The purpose of this retrospective study was to analyze the current 36 
diagnostic procedures and to propose a process optimization. 37 
Methods 38 
As all patients admitted for suspicion of SD receive imaging studies, we searched for adult 39 
patients receiving neuroimaging in the period from January 2010 to July 2013 analyzing 40 
referring diagnosis, clinical signs, products, diagnostic process and final diagnosis. Recursive 41 
partitioning was used to define time intervals for differentiating types of SD. 42 
Results 43 
148 patients aged 18 – 89 (mean: 54) years were studied. 42% were referred by a hospital or 44 
rehabilitation center, 30% by general practitioners and 24% were self-referrals. The admission 45 
diagnosis was in the majority “shunt dysfunction” only. Further differentiations were rarely 46 
made.  47 
A SD was confirmed in 46% of the patients. In 17%, the symptoms were based on another 48 
cause and in 37% they could not be clearly attributed to any specific disorder. 49 
Abdominal dislocations (2%) and shunt infections (5%) were found within the first 6 months. 50 
Over- (3%) and underdrainage (14%) were the most frequent complications during the first 4 51 
years. Disconnections (13%) occurred generally 4 years or more after implantation. Only 52 
shunt obstruction (9%) showed no temporal pattern.  53 
Conclusion 54 
Symptoms of a SD remain mostly unspecific. This study showed that the type of SD depends 55 
on the time interval from implantation. We propose a work-up strategy for patients with SD 56 
based on the temporal profile. 57 
 58 
 59 
Key Words: shunt dysfunction, shunt complication, shunt malfunction, shunt failure, 60 
ventriculoperitoneal shunt, cerebrospinal fluid shunt 61 
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INTRODUCTION 63 
 64 
Complications in patients with CSF shunts are very common. About 18% to 32% of the 65 
shunts need to be revised within 5 years after the implantation, for pediatric patients even up 66 
to 50% within the first year[8, 10]. Major complications such as obstructions, disconnections, 67 
breaks, leakage or infections, have a yearly incidence of up to 60%. [4, 7] 68 
Thus, patients with implanted CSF shunts are frequently admitted to a neurosurgical 69 
department for suspected shunt dysfunction (SD). 70 
Unfortunately, SD is difficult to verify because the symptoms are unspecific and individual. 71 
Drowsiness, headache, vomiting and lethargy, that are predictive of acute shunt malfunction 72 
are non-specific [1, 5]. Furthermore, they are depending on the rapidity of onset of the 73 
condition. For all these reasons practitioners have a tendency to refer the patients frequently. 74 
Patients with shunts are probably admitted for evaluation of a SD more often than necessary. 75 
Routine use of radiographic imaging in the evaluation for possible SD include mostly a CT 76 
scan of the head and several radiographs of the skull, the chest and the abdomen. Excessive 77 
use of this shunt series produces unnecessary costs and exposure to radiation.  78 
Moreover, many referrals of patients with suspected shunt failure are poorly founded and 79 
therefore the suspicion is often refused. These patients are unnecessarily exposed to invasive 80 
investigations. 81 
The aim of this study was to identify clinical features that would lead to a more focused and 82 
thus less invasive diagnostic workup. We retrospectively reviewed clinical presentation and 83 
diagnostic workup in patients referred to our hospital for suspected SD. We found that 84 
different shunt dysfunctions had certain accumulation periods after shunt surgery. This fact 85 
has not been described in the literature so far. According to these findings we suggest a new 86 
diagnostic paradigm. 87 
 88 
MATERIAL AND METHODS 89 
 90 
Ethical approval was obtained before data acquisition from the local ethics commission 91 
(KEK-ZH 2013-0587). 92 
As all patients admitted for suspicion of SD regularly receive image-based diagnostics, we 93 
searched for patients with CSF shunts in the order mask of the departments of diagnostic 94 
radiology and neuroradiology in the period from January 2010 through July 2013.  95 
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The medical records of each subject found were reviewed and patients with suspicion of SD 96 
were selected. The following data were collected: referring physician, referring diagnosis, 97 
clinical signs, type of implanted shunt system, time since implantation, diagnostics performed 98 
at our institution and our final diagnosis. Eleven final diagnoses were differentiated. SD were 99 
distinguished into abdominal dislocation, under- and over-drainage, blocking, shunt infection, 100 
disconnection, kinking and laceration of the shunt. Under-drainage was differentiated from 101 
blocking by considering under-drainage a problem of the valve pressure adjustment whereas 102 
blocking had to be solved by a shunt valve replacement. Over-drainage was also defined as a 103 
valve pressure misadjustment. Diagnoses were confirmed by symptoms relieve after 104 
correction of the underlying problem. 105 
The diagnosis of “others” was given when there was not a shunt related reason for the 106 
symptoms found and the patient recovered from an alternative diagnosis such as appendicitis, 107 
epilepsy or musculoskeletal disorder. “No diagnosis”, which resulted in no neurosurgical 108 
intervention, was considered confirmed if the patient made a recovery in the further course 109 
and did not re-present with further symptoms and signs suggesting shunt malfunction or any 110 
other diagnosis. 111 
 112 
Statistical Analysis 113 
Data were analyzed and graphs were created using JMP statistics program (JMP 10.0, SAS 114 
Campus Drive, Cary, NC, USA). 115 
Descriptive statistics were used to describe the study population, referral patterns, symptoms, 116 
diagnostics performed and final diagnosis. The Student t-test was used to compare means of 117 
metric variables whenever appropriate. Values are expressed as the mean and the 95% 118 
Confidence Interval (CI), unless indicated otherwise. p < .05 was considered statistically 119 
significant. Recursive partitioning analysis was used to create a decision tree. Results of the 120 
Receiver Operating Characteristic (ROC) Analysis are indicated as Area under the ROC curve 121 
(AUROC). 122 
 123 
RESULTS 124 
  Demographics 125 
148 adult patients were included in the study, of whom 79 (53%) were women. The mean age 126 
of patients was 54 years with a range from 18 to 89 years. A bimodal age distribution was 127 
observed with a peak before 30 years and the other around 80 years of age.  128 
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The latter agrees to the rising prevalence of idiopathic normal pressure hydrocephalus, post-129 
hemorrhagic hydrocephalus and hydrocephalus due to tumors in this age cohort. However, the 130 
former represents the expected even larger group of children with hydrocephalus becoming 131 
adult. Children were not included in the study, therefore the first peak only shows a small 132 
portion of what is to be expected. 133 
 134 
  Referral pattern 135 
The referring diagnosis was in almost all cases “shunt dysfunction”. Further differentiations 136 
of the dysfunction were rarely made. Nearly three-quarters of patients were referred by either 137 
a general practitioner (GP) (n=45, 30%) or clinical institutions as hospitals and rehabilitation 138 
facilities including other specialists (n=65, 44%). One quarter (n=36, 24%) were patient self-139 
admissions. (Table 1) 140 
 141 
  Shunt valves 142 
The two most frequently implanted valve types were Codman Hakim programmable valves 143 
™(n=65, 44%) and Sophysa Mini SM8™  (n=60, 41%). It should be mentioned that the time 144 
of initial shunt implantation ranges from 1973 to 2013 (interquartile range: 2002-2010) and 145 
most of the patients in this study cohort were operated at our hospital. The two valves 146 
mentioned above, have been used most commonly in this time period.  147 
 148 
  Diagnoses  149 
In 68 (46%) of the cases the diagnosis of a SD could be confirmed and an appropriate 150 
therapeutic procedure could be performed. In 25 (17%) another cause of the symptoms could 151 
be found such as a musculoskeletal cause or a psychological factor (such as stress disorder). 152 
In 55 (37 %) cases the cause of the symptoms could not be identified, but a SD was ruled out. 153 
The most frequent reason for SD was under-drainage with a total of 20 patients (14%). Other 154 
recurrent causes included shunt disconnection, kinking or laceration (n=19, 13%) and 155 
blockage (n=13, 9%), shunt infection (n=8, 5%), over-drainage (n=5, 3%) and abdominal 156 
dislocation (n=3, 2%). (Figure 1) 157 
 158 
  Symptoms leading to admission 159 
Figure 2 summarizes the most common diagnoses and the respective symptoms that led to 160 
suspicion of a SD.  161 
The leading symptom for over-drainage was headache which was present in all 5 patients.  162 
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Other common symptoms were nausea and vomiting, gait disorder, visual disorder or fatigue. 163 
Each occurred in two (40%) of these patients. 164 
The most common symptom in under-drainage was gait disorder in 10 of 20 cases (50%). 165 
Eight patients (40%) had headaches, nine (45%) newly occurred neuropsychological deficits 166 
and six (30%) nausea and vomiting. Less frequent were incontinence and visual disorders in 167 
five (25%) and four cases (20%) respectively. 168 
Neuropsychological deficits were defined as attention, memory or executive function 169 
impairment. 170 
The most frequent symptom in shunt obstruction was headache in 8 of 13 patients (61.5%). 171 
Second most common were increasing gait disorder and nausea or emesis in four cases (31%) 172 
each.  173 
Gait disorder and newly occurred neuropsychological deficits in 10 of 19 patients (52.6 %) as 174 
also urine incontinence (n=6, 32%) were most prominent in shunt disconnection.  175 
In the 8 patients with shunt infection various symptoms such as headache (n=3, 37.5%), 176 
nausea/emesis (n=2, 25%) and reduced vigilance (n=3, 37.5%) could be observed. 177 
All of the 3 patients with abdominal shunt dislocation had a palpable abdominal cyst and this 178 
symptom appeared only in abdominal shunt dislocation. It was therefore highly predictive for 179 
this diagnosis. 180 
No other specific symptom or symptom combination could be found to differentiate between 181 
each diagnosis. 182 
 183 
  Diagnostic procedures performed 184 
Table 2 shows the frequencies of the invasive diagnostic procedures performed.  A CT scan of 185 
the head was by far the most frequent procedure (n=128, 86%). 58% of all admissions had 186 
even an additional CT with contrast agent. More than half of the patients had an x-ray of 187 
either cranium, thorax, abdomen or all three. A shunt tap was only done when there was a 188 
strong suspicion of a shunt-infection (11%). 189 
 190 
  Relation of Shunt age and Type of complication 191 
We found no difference in shunt age nor in distribution of occurrence between the group with 192 
real SD, the group with another diagnosis than SD and the group without diagnosis. In 193 
contrast, we found differences between each type of SD. The overall mean time interval from 194 
date of implantation till occurrence of a complication was 5.4 years (95% CI: 4.4-6.5). Of all 195 
SD 36 (53%) presented before 3 years. 196 
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Abdominal dislocation was the earliest occurring complication with a mean time of 1.2 197 
months (95% CI: -2.6-4.97). It was only reported in the first 6 months after a shunt 198 
implantation or revision. 50% of shunt infections occurred within the first 2 months but could 199 
also rarely be found years later (Mean: 2.3 years; 95% CI: -1.76-6.4). Over-drainage (Mean: 200 
1.14 years; 95% CI: 0.003-2.277) and under-drainage (Mean: 2.43 years; 95% CI: 1.6-3.3) 201 
were common after one or two years. Late complications were disconnections, kinking or 202 
laceration (Mean: 9.86 years; 95% CI: 7.0-12.7) and blocking of the shunt (Mean: 8.0 years; 203 
95% CI: 3.4-12.7). However, blocking of the shunt appeared in a constant frequency after 6 204 
months (Figure 3). According to the time of occurrence it was possible to organize the 205 
complications into an early and late complication group. There was a statistically significant 206 
difference in time of occurrence between the early complication group (Mean: 2.03 years; 207 
95% CI: 0.4-3.7) including abdominal dislocation, shunt-infection, over-drainage and under-208 
drainage compared to the late complication group (Mean: 9.1 years; 95% CI: 7.4-10.9) 209 
including disconnections, kinking or laceration and blocking of the shunt (p<0.0001). 210 
 211 
Based on these findings we created a decision tree using recursive partition analysis (Table 3 212 
and Figure 4). Since the decision tree only contributes to discriminate between real shunt 213 
dysfunctions, diagnoses other than real shunt dysfunctions were excluded for this analysis. 214 
The first partition was made at 6 months after implantation. During this time section 215 
abdominal dislocations (22%) and shuntinfections (44%) represent more than 60% of shunt 216 
dysfunctions. We therefore propose a clinical examination and an abdominal x-ray as first 217 
investigation. Less frequent are over- and under-drainage with 15% and 16% respectively. 218 
They are ruled out in a second step by a cranial CT. Eventually a shuntinfection is ruled out 219 
last by a shunt-tap since it is considered the most invasive procedure.  220 
Between 6 months and 4 years over-drainage (13%), under-drainage (60%) and blocking of 221 
the shunt (22%) are the predominant entities. We therefore propose a cranial CT first.  222 
After 4 years, disconnection, kinking or laceration are by far the most frequent SD (55%). 223 
This makes an x-ray of the complete shunt course as a first diagnostic procedure obligatory. 224 
The performance of the partition analysis is summarized by the AUROC values for each type 225 
of SD using the mentioned time sections to discriminate between each type of SD (Table 4).  226 
 227 
 228 
DISCUSSION 229 
 230 
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 8 
Admissions for suspected SD are very frequent. This study demonstrated, that 54% of all 231 
admissions don’t have any shunt related problem but are exposed to radiating diagnostic 232 
procedures such as CT or X-rays in more than 85% and 55% respectively. In 17% of all 233 
admissions another health related problem such as a musculoskeletal or a psychological 234 
disorder is found and 37% remain unclear. Several reports also with similar high or even 235 
higher results are found in the literature. Cohen et al. [3] and Lehnert et al. [6] report, that as 236 
much as 80% and 77% of patients respectively won’t have any neurosurgical intervention 237 
when they present for suspected SD. In contrast Barnes et al. [1] report that less than 30% are 238 
diagnosed as having normal shunt function after being thoroughly examined and Sribnick et 239 
al. [9] report up to 27% of patients admitted to the emergency department with suspected SD 240 
will not have any shunt revision.  241 
The reason why so many normal functioning shunts are admitted is the fact that the symptoms 242 
remain unspecific and therefore it is difficult to clinically differentiate real SD from other 243 
disorders. On the other hand a real SD can be life threatening or have major neurological 244 
consequences including blindness.[2] This leads to a low-threshold referral behavior. 245 
Several studies tried to identify specific symptoms or combination of symptoms which would 246 
reliably predict a SD. Barnes et al. [1] found drowsiness as the most predictive symptom for 247 
shunt block. Cohen et al. [3] found no association of any symptoms with radiological signs of 248 
shunt failure. Kim et al. [5] found lethargy and shunt site swelling to be significantly 249 
predictive of shunt malfunction, whereas other symptoms were not reliable. In our study we 250 
found a palpable abdominal cyst to be very predictive and specific for abdominal dislocation. 251 
This sign was not found in any other diagnosis. All other symptoms were not specific enough 252 
to distinguish between each diagnosis and therefore to guide further invasive radiological 253 
investigations.  254 
Hence we think our diagnostic devices or at least pathways have to be improved to prevent 255 
these patients from undergoing needless examinations.  256 
 257 
The most important finding in our study was a time dependency of certain shunt 258 
complications. Using recursive partition analysis, we could divide shunt complications 259 
according their probability of occurrence into three time periods. Early complications 260 
occurring before 6 months were abdominal dislocations and infections. Complications 261 
predominantly appearing within 6 months to 4 years were over- and underdrainage. Late 262 
complications such as kinking, laceration and disconnections presented particularly after 4 263 
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 9 
years. However, blocking of the shunt was with 20% to 25% of cases a constantly occurring 264 
complication after 6 months.  265 
Based on these frequencies we developed a decision tree leading to a more focused and 266 
therefore less invasive diagnostic workup. This statement has of course to be proven by a 267 
prospective study, which was started in our department.  268 
 269 
We are aware of the limitations of the presented study. First of all, there is the retrospective 270 
character, which leads to many unanswered questions. The limited number of patients lead to 271 
a low number of rare shunt dysfunctions such as abdominal dislocations, over-drainage or 272 
shunt infections which made further analysis difficult. Some rare complications might be not 273 
detected in a limited number of cases. We therefore think that a replication of our results and 274 
further testing of our suggested diagnostic workup in other cohorts of patients would be 275 
reasonable. 276 
The data, which could be derived from our patient files, was not sufficient to provide us with 277 
a diagnosis in all cases in which no SD was found. Furthermore, symptoms were not recorded 278 
in a standardized manner and therefore conclusions regarding symptom constellations being 279 
specific for certain diagnoses were impossible.  280 
There might even be some differences in SD manifestation depending on the underlying 281 
illness which lead to initial shunt implantation. We did not consider this in our study since 282 
patient population would be even more divided in to subgroups and statistics would become 283 
less reliable. Second, other previous studies already failed to find specific symptoms that 284 
would change the amount of further examinations and the latter was the main aim of our 285 
study.  286 
Similarly the fact, that some shunt systems offer the possibility to gain some information 287 
about the shunt function by pumping the shunt chamber was not investigated in this study 288 
because of heterogeneity of the shunt systems. The Specificity and Sensitivity of this clinical 289 
test is unknown and might be worth to investigate in future more valve type focused studies.  290 
Last, a very large portion of the SD was over- and underdrainage. Modern shunt systems 291 
mostly include valves which prevent the so-called siphoning-effect, which can lead to over-292 
drainage and consequently to very careful adjustment of the differential-pressure-valves to 293 
relatively high pressure levels, meaning underdrainage. At our department we introduced 294 
these modern valve systems systematically in 2014 and we seem to see only few over- and 295 
underdrainage complications since. A prospective study will therefore provide a more actual 296 
view on the referred shunt-dysfunctions. 297 
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 298 
To the bets of our knowledge, time dependencies of complications have not been published 299 
till now. We are confident that the proposed decision tree will be helpful optimizing 300 
diagnostics in these situations and will motivate other workgroups to try further refinement.   301 
 302 
Conclusions 303 
  304 
Admission for suspected SD are very frequent. Only 46% of all admissions will have a real 305 
shunt related problem. Since symptoms and signs are very unspecific further invasive 306 
radiological examinations remain an indispensable part of the diagnostic workup. The 307 
awareness of a time dependency of specific shunt complications can help to focus the search 308 
for the cause of a SD and therefore lower the invasiveness of the diagnostic procedures. 309 
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Figures 356 
 357 
Figure 1:  Frequencies of final diagnoses 358 
Figure 2:  Final diagnoses and the percentage of patients with the corresponding 359 
diagnosis showing the listed symptoms 360 
Figure 3: The graph shows in smooth curves the estimated densities in occurrence 361 
of each type of shunt dysfunction. The densities are related to time of 362 
presentation which means years after revision or implantation. 363 
Figure 4:  Flowchart of recommended diagnostic protocol 364 
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Tables 366 
 367 
Table 1: Referrer frequencies 368 
Table 2: Frequencies of invasive diagnostic procedures 369 
Table 3:  Recursive partition analysis: probability of shunt dysfunctions in defined 370 
time sections (diagnoses other than shunt dysfunctions are excluded) 371 
Table 4:   ROC for recursive partition analysis using the defined time sections 372 
(diagnoses other than shunt dysfunctions are excluded) 373 
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Figure 1 Click here to download Figure figure 1.tif 
Figure 2 Click here to download Figure figure 2.tif 
Figure 3 Click here to download Figure figure 3.tif 
Figure 4 Click here to download Figure figure 4.tif 
 Referrer n % of total 
general practitioner 45 30.4% 
rehab or other hospital 37 25.0% 
patient self-admission 36 24.3% 
neurologist 22 14.9% 
nursing home 4 2.7% 
not specified 2 1.4% 
otorhinolaryngologists 1 0.7% 
psychiatrist 1 0.7% 
 
Table 1
Diagnostic procedure n % of total 
CCT native 128 86% 
CCT with contrast agent 86 58% 
x-ray cranium 88 59% 
x-ray thorax 91 61% 
x-ray abdomen 81 55% 
shunt tap 17 11% 
 
Table 2
Type of Shunt dysfunction Prob <6 months Prob 6 months - 4 years Prob >4 years 
abdominal dislocation  22% 0% 0% 
over-drainage 15% 13% 0% 
shuntinfection 44% 0% 6% 
under-drainage 16% 60% 14% 
blocking of the shunt 1% 22% 25% 
disconnection, kinking, laceration 2% 5% 55% 
 
Table 3
Type of shunt dysfunction 
Area Under the 
ROC Curve 
abdominal dislocation 0.9095 
over-drainage 0.7558 
shuntinfection 0.8482 
under-drainage 0.753 
blocking of the shunt 0.6263 
disconnection, kinking, laceration 0.8203 
 
Table 4
